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Sir: 

We, Nobuhiro Ota, Nobuyuki Okuda, Hiroyuki Ueki, and Tomohiko lhara, residing in 
Itami-shi, Japan and employees of Sumitomo Electric Industries, Ltd. (owner of the 
present patent application), hereby declare that: 

1 . We completed and had possession of the present invention prior to the December 
27, 2002 filing date of U.S. Pat App. No. 10/329,363 in the name of Sudano et al., 
published on July 1, 2004 as U.S. Pat. Pub. No. 2004/0126654. 

2. The attached documentary evidence is a showing of the fact that we conceived 
the entirety of the present invention, as claimed in the instant application, no later 
than on December 24, 2002 , because: 



App. No. 10/522,125 
'131 Declaration 

Reply to Office action of December 24, 2008 



(i) Pages 25 through 28, in the original numbering, of the documentary evidence 
are draft claims and supporting description that, as the accompanying 
certified English translation of these pages attests, establish possession of 
the entire invention claimed; 

(ii) Page 22 in the original numbering is a work-order coversheet used by 
Sumitomo Electric Industries when instructing the company's domestic patent 
counsel to file a new application in Japan, and is dated in the upper right- 
hand corner "2002 (kanji for 'year') 12 (kanji for 'month') 24 (/cany/for 'day')," 
and also date-stamped, very clearly in the middle right of the same page, 
'"02.12.24," while pages 23 and 24 are a combination patent-application 
instruction form and assignment deed filled in and signed by us, and date 
stamped '"02.12.24", as is legible at the top of page 23; and 

(iii) The coversheet, instruction/assignment form, and claims and description — 
that is, the attached documentary evidence — were sent to the Kamada 
Patent Law Office on December 24, 2002. 

3. In direct accordance with the attached documentary evidence, Japanese Pat. App. 
No. 2003-006113 was filed on January 14, 2003, less than three weeks after the 
filing request was sent to the Kamada Patent Law Office. Japanese Pat. App. No. 
2003-006113 was published as Japanese Unexamined Pat. App. Pub. No. 2004- 
220894 on August 5, 2004, and issued as Japanese Pat. No. 3,680,835 on 
August 10, 2005. 
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We hereby declare that all statements made herein of our own knowledge are true 
and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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1 . Title of Invention 



Lithium Secondary Battery Negative-Electrode Component Material and Lithium 
Secondary Battery 

2. Scope of Patent Claims 
[Claim 1] 

A lithium-secondary-battery negative-electrode component material characterized in a 
metallic lithium film being formed onto a substrate and onto that an inorganic solid 
electrolytic film being formed, the lithium-secondary-battery negative-electrode component 
material characterized in that the substrate is an electrical insulator. 

[Claim 2] 

A lithium-secondary-battery negative-electrode component material characterized in a 
metallic lithium film being formed onto a metal fett {base material} 1 and onto that an 
inorganic solid electrolytic film being formed, the lithium-secondary-battery negative- 
electrode component material characterized in that an electrically insulating layer is formed 
at the interface between the metal fert {base materia^ and the metallic lithium film. 

[Claim 3] 

A negative-electrode component material as set forth in claim 1 and 2, characterized in 
that the electrical insulator is an organic high-polymer substance. 

[Claim 4] 

A negative-electrode component material as set forth in claim 2, characterized in that 
the metal fert {base materia^ is one metal selected from among copper, iron, stainless 
steel, nickel and aluminum. 

[Claim 5] 

A negative-electrode component material as set forth in claim 3, characterized in that 
the organic high-polymer substance is one type of material selected from between 
polyethylene and polypropylene. 

[Claim 6] 

A negative-electrode component material as set forth in claim 3, characterized in that 
the organic high-polymer substance is one type of material selected from among the group 
of substances: polyimides, polyamides, polyesters, polyethers, polyurethanes, and 
polycarbonates. 

[Claim 7] 

A lithium secondary battery characterized in utilizing a negative-electrode component 
material as set forth in claim 1 and claim 2. 

3. Detailed Description of Invention 

[Technical Field to which Invention Pertains] 

The present invention relates to negative-electrode component materials for superior 
capacity lithium secondary batteries of superior safety, and to the lithium secondary 
batteries. 

[Prior Art] 

With the goal of improving the volumetric and gravimetric capacity density of secondary 
lithium-ion batteries, methods in which lithium in metallic form is accumulated within a 
negative electrode have been investigated as an alternative to the traditional methods that 
employ the intercalation of lithium ions into graphite. The metallic lithium and the organic 
electrolyte react, however, causing branchy metallic lithium growth (dendritic lithium 
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growth) during charging/discharging and giving rise to internal shorting with the positive 
electrode, which presents a hazard that ultimately ends in explosion. 

One technique that has been investigated for curbing dendritic growth is the formation 
on the surface of the metallic lithium of a polymer film, or a fluoride film, a carbonic film, an 
oxide film, an oxide-nitride film (cf. claim 1 of U.S. Pat. No. 5,314,765) or a sulfide film (cf. 
claims 1 and 4 of U.S. Pat. No. 6,025,094, claims 6 and 7 of Japanese Pat. App. Pub. 
2000-340257, and claims 1 and 9 of Japanese Pat. App. Pub. 2002-329524). 

Given the objective of raising battery capacity per unit volume and weight, the metallic 
lithium must have a layer thickness that is kept to 20 /vm or less, preferably to the 5 /jm 
level. Yet in that thickness range, metallic lithium foil that is unsupported lacks the 
mechanical strength to be usable. Laminating it onto a current-collecting element such as 
copper foil, or forming it by a vapor-phase deposition 2 method such as evaporation 
deposition, therefore becomes necessary. 

[Technological Problem to Be Resolved by Invention] 

To date, an electroconductive element such as copper foil, serving as a current- 
collecting element, has been employed as the negative-electrode substrate in secondary 
lithium-ion batteries. Meanwhile, with techniques that form a solid electrolytic film onto 
metallic lithium to restrain the lithium from growing dendritically, in that partial deterioration 
of the strongly hydrolytic metallic lithium layer and the sulfide-based solid electrolytic film 
would be expected to occur in the course of manufacturing and in the process of handling 
the negative electrode, it can happen that the solid electrolytic film's coating effectiveness 
is not realized. Then in those areas, breakdown of the solid electrolytic film and dendritic 
growth occurs, and in cases where an electroconductive material is employed as the 
substrate, because electrons keep on being supplied to the negative electrode, it becomes 
highly likely that charging/discharging will concentrate in that part. What is more, internal 
shorting with the positive electrode is brought on, which presents a hazard that ultimately 
ends in explosion. 

[Means to Solve Problem] 

It was discovered that by employing an electrical insulator as the substrate, the 
technical problem of concentrated growth of dendrites in a metallic lithium negative- 
electrode with a solid electrolytic film formation is resolved. The effectiveness can be 
enhanced in particular by employing an organic high-polymer substance as the substrate. 

Alternatively, employing a material in which an organic high-polymer substance is 
coated onto a metal substrate is also possible. In that instance, given that it is metal foil its 
mechanical strength can be secured. 

Although polyvinyls such as polyethylene and polypropylene are routinely employed as 
organic high-polymer substances, accomplishment employing polyimides, polyamides, 
polyesters, polyethers, polyurethanes, or polycarbonates is also possible. 

Furthermore, metallic lithium layer formed onto these insulative substrates serves as 
the negative electrode active substance and at the same time is also caused to function as 
a current-collecting element. 

Accordingly, even should unforeseen circumstances arise and the performance of the 
solid electrolytic film degrade, leading to the occurrence of local dendritic growth, when the 
metallic lithium in that area becomes spent electrons will automatically no longer be 
supplied, eliminating the hazard of concentrated charging/discharging repeating in that 
region. 
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[Modes of Embodying Invention] 
<Embodying Example 1> 

Over the entire back-side surface, the edge faces, and an area of approximately 0.5 
mm width along the peripheral margin of the top-side of a polyethylene film of 100 fjm 
thickness, 30 mm diameter, a thin copper film was formed to 0.1 fjm thickness by the 
evaporation method. Subsequently a metallic lithium film was formed by the evaporation 
method onto the entire top-side surface. The metallic lithium film measured 5 /jm in 
thickness. The film-thickness measurement was determined using a stylus profilometer. 
Further, a solid electrolytic film of lithium (Li) - phosphorous (P) - sulfur (S) composition 
was evaporation-deposited to 0.5 /ym thickness onto the metallic lithium film, rendering a 
negative electrode component material. Therein, by assaying the solid electrolytic film, it 
was analyzed to be in the form of a non-crystalline composition of 34 atomic % Li, 14 
atomic % P, and 52 atomic % S. 

The positive electrode was prepared by mixing, together with an organic solvent, 
LiCo0 2 particles to serve as the active substance, carbon particles to contribute to the 
electron conductivity, and poly(vinylidene fluoride), and then spreading the mixture onto 
aluminum foil. The active-substance layer had a thickness of 100 /jm, a capacity density 
of 3 mAh (milliampere-hours)/cm 2 (square centimeters), and a total capacity of 21 mAh. 
The diameter of the positive electrode was 30 mm. 

Under an argon-gas atmosphere having a dew point not greater than -80°C, 100 
lithium secondary batteries were fabricated by setting into coin-type cells the negative- 
electrode component material, a separator (porous polymer film), and the positive- 
electrode component material, and by dripping into the cells an organic electrolyte in which 
1 mol % LiPF 6 had been dissolved, as an electrolyte salt, into a mixed solution of ethylene 
carbonate and dimethyl carbonate. 

A charge-discharge cycling test was run between a charging voltage of 4.2 V and a 
discharging voltage of 3.0 V, under 10-mA constant current conditions. The results for 
cycling lifespan are set forth in Table-1: internal shorting did not occur in any of the 100 
batteries even after 500 cycles, wherein no loss in capacity was found. Good-product 
yield proved to be 100%. 

Following the charge-discharge cycling test the coin cells were taken apart and the 
negative electrodes were removed and observed under a scanning electron microscope 
(SEM) and subjected to energy-dispersive X-ray (EDX) analysis. In 95 of the lithium 
secondary-battery negative electrodes, with no dendritic growth of metallic lithium being 
found, it was observed that the solid electrolyte film had been retained on the surface of 
the negative electrodes. 

In the negative electrodes from the five remaining batteries, although it was observed 
that the solid electrolyte film had partially broken down, giving rise to local dendritic growth, 
the dendritic growth ceased in the initial stages and was confined to the proximity of the 
negative electrode surface. 

<Embodying Example 2> 

On the top side, except for a strip 0.5 mm in width along the peripheral margin, of 
copper foil of 10 fjm thickness and 30 mm diameter, a polypropylene film was tape-cast to 
a thickness of 1 jum using a mask. 

A metallic lithium film was subsequently evaporation-deposited onto the entire top-side 
surface. The metallic lithium film measured 5 fjm in thickness. The film-thickness 
measurement was determined using a stylus profilometer. Further, a solid electrolytic film 
of lithium (Li) - phosphorous (P) - sulfur (S) composition was evaporation-deposited to 0.2 
/jm thickness onto the metallic lithium film, rendering a negative electrode component 
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material. Therein, by assaying the solid electrolytic film, it was analyzed to be in the form 
of a non-crystalline composition of 34 atomic % Li, 14 atomic % P, and 52 atomic % S. 

The positive electrode was prepared by mixing, together with an organic solvent, 
LiCo0 2 particles to serve as the active substance, carbon particles to contribute to the 
electron conductivity, and poly(vinylidene fluoride), and then spreading the mixture onto 
aluminum foil. The active-substance layer had a thickness of 100 /jm, a capacity density 
of 3 mAh (milliampere-hours)/cm 2 (square centimeters), and a total capacity of 21 mAh. 
The diameter of the positive electrode was 30 mm. 

Under an argon-gas atmosphere having a dew point not greater than -80°C, 100 
lithium secondary batteries were fabricated by setting into coin-type cells the negative- 
electrode component material, a separator (porous polymer film), and the positive- 
electrodes, and by dripping into the cells an organic electrolyte in which 1 mol % LiPF 6 had 
been dissolved, as an electrolyte salt, into a mixed solution of ethylene carbonate and 
propylene carbonate. 

A charge-discharge cycling test was run between a charging voltage of 4.2 V and a 
discharging voltage of 3.0 V, under 10-mA constant current conditions. The results for 
cycling lifespan are set forth in Table-1: internal shorting did not occur in any of the 100 
batteries even after 500 cycles, wherein no loss in capacity was found. Good-product 
yield proved to be 100%. 

Following the charge-discharge cycling test the coin cells were taken apart and the 
negative electrodes were removed and observed under a scanning electron microscope 
(SEM) and subjected to energy-dispersive X-ray (EDX) analysis. In 95 of the lithium 
secondary-battery negative electrodes, with no dendritic growth of metallic lithium being 
found, it was observed that the solid electrolyte film had been retained on the surface of 
the negative electrodes. 

In the negative electrodes from the five remaining batteries, although it was observed 
that the solid electrolyte film had partially broken down, giving rise to local dendritic growth, 
the dendritic growth ceased in the initial stages and was confined to the proximity of the 
negative electrode surface. 

<Embodying Example 3> ~ <Embodying Example 9> 

In the same configuration as in Embodying Example 1 , tests in which the substrate was 
materially changed were run to investigate the cyclability of the batteries. The results are 
set forth in Table-1 . 

Table-1 



Em bod. 


Negative electrode substrate 


Test results 


Substrate substance 


Subst. thickness Gum) 


Good-product yield (%) 


3 


Polyethylene terephthalate 
(Product name: Tetron) 


10 


100 


4 


Aromatic polyamide 
(Product name: Nomex) 


10 


100 


5 


Polyamide 

(Product name: Nylon) 


10 


100 


6 


Aromatic polyamide 


5 


100 


7 


Polyethylene oxide 


10 


100 


8 


Polyurethane 


15 


100 


9 


Polycarbonate 


10 


100 
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<Comparative Example 1> 

For a comparison test, one-hundred lithium secondary batteries of the same 
configuration as in Embodying Example 1 but with rolled copper foil as the substrate were 
fabricated, and the charge-discharge cycling test was run under the same conditions. 

The results were that due to voltage elevation at roughly 300 to 500 cycles, in 97 of the 
batteries cycling came to a stop. And in the three remaining batteries, shorting occurred at 
around 100 cycles. 

Following the charge-discharge cycling test the coin cells were taken apart and the 
negative electrodes were removed and observed under a scanning electron microscope 
(SEM) and subjected to energy-dispersive X-ray (EDX) analysis. With the negative 
electrodes that demonstrated a lifespan of 300 cycles or more, with no dendritic growth of 
metallic lithium being found, it was observed that the solid electrolyte film had been 
retained on the surface of the negative electrodes. On the other hand, with the negative 
electrodes that exhibited shorting, local dendritic growth arose, and was observed to have 
reached as far as the positive electrodes. 

[Advantageous Effect of Invention] 

In accordance with the present invention as in the foregoing, shorting originating in the 
development of dendrites from metallic lithium negative electrodes is eliminated, yielding 
high-energy-density, highly stable, highly safe lithium secondary batteries excelling in 
charge-discharge cyclability. 

- end - 



1 Handwritten revision in the original. 

2 Obvious typographical error in the term for "deposition" in the original. 



-5- 



